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EVALUATION OF REMEDIATION EFFICIENCY OF MANGANESE
QUARRY LANDS AFTER OPEN-CUT MINING: ECOSYSTEM APPROACH

Purpose. To assess the quality of remediated lands of Ordzhonikidzevskyi manganese quarry (Oleksandrivskyi
career) on the possibility of their economic use and suitability for soil biota existence, as well as providing recommen-
dations for further rational economic use of them.

Methodology. Assessment of quality of remediation lands was carried out by comparing remediated soil bonitet
with bonitet of zonal (native) soil. Data collection and processing were carried out in terms of fill layer thickness,
humus content in filling top layer, content of physical clay in topsoil and subsoil, granulometric composition of one-
meter thick fill layer, topsoil and subsoil salinity (rate), composition and properties of underlying rocks.

Findings. The research revealed that as a result of implementation of technical remediation stage, a remediated soil
was obtained with properties similar to zonal (native) soil previously located within this area prior to mining, and al-
though it has less fertility and greater salinity of deeper layers, it can be used in agricultural purposes after implemen-
tation of a biological stage of remediation, which consists of salt-tolerant perennial grass cultivation for 3—5 years.
The method of land remediation is currently generalized and well-studied; however, in most rehabilitation schemes
on ecological recovery of industry-related areas, completeness of naturalization and functioning of remediated eco-
systems is not taken into account, since most of the remediation measures are focused only on vegetation and ground
macro-fauna well-being

Originality. Novelty of the work is that when assessing the remediation quality, it is proposed to take into account
environmental conditions for existence of soil invertebrates, which will play a crucial role in formation of agro-system
stability mechanism. These animals make a significant environmental contribution to transformation of soil features,
acting as a soil protecting biological factor in organic farming.

Practical value. The performed scientific work is part of solution of modern integral ecological task on providing a
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human with a set of material and intangible services — natural resources and healthy environments.
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Introduction. Environment protection, rational use
of natural resources and ensuring environmental safety
of human life are considered to be an enabling condition
for sustainable economic and social development of Eu-
ropean countries. In this regard, solution to environ-
mental challenges in industry-related areas of Eastern
Europe is especially topical [1]. Mining activity is the
most powerful effect resulting in degradation of various
native landscapes. As a result of mining, agricultural
lands are withdrawn from agricultural sector of econo-
my. Instead of them, technogenic landscapes, e.g.
dumps and quarries, are developed surrounded by de-
structive areas characterized by subsiding phenomena,
rising of subsoil waters loaded with heavy metals and
other contaminants, decrease in biological diversity and
species richness of such sites [2]. Disturbed areas formed
in the process of coal mining should be partially remedi-
ated by the way of reclamation. In Ukraine, the most
common model of sulfide-containing parent rock reme-
diation involves filling them with safety shields from
loam, clay, or sand 1—1.5 m thick, with subsequent cov-
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ering by a layer from fertile topsoil of 0.6—0.8 m thick.
At the initial remediation stage, landscape planning is
carried out.

The main agrochemical characteristics determining
agricultural productivity of reclaimed lands and suit-
ability of them for existence of soil biota are level of ac-
tual soil acidity (pH), salinity and particle-size compo-
sition.

Analysis of the recent research and publications. Be-
cause of intensive industrial development of Dniprope-
trovsk Oblast territory, essential changes in morphology
of native landscapes have been developed. For that mat-
ter, “industrial deserts” occurred instead of the native
biota habitats. Desertification challenge was recognized
by the international community as the biggest ecological
challenge of all mankind. It is particularly relevant in
arid regions of Ukraine, especially in the south region of
Dnipropetrovsk Oblast. Substrates with different poten-
tial of fertility should be used in the process of mining-
engineering recultivation; they have different ecological
properties and therefore different quality.

Soil Science Society of America defines “soil quali-
ty” term as soil capacity to functioning within an eco-
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system ensuring biological productivity, maintaining
environmental quality and living conditions for animals
and plants [3]. Thus, biological productivity of remedi-
ated soils is one of several aspects in determining the soil
quality. The scientists note that mine spoil often has a
high density, low structure, as well as the high salinity of
water extracts, which together leads to extremely low
suitability of such substrates for the existence of soil bio-
ta [4]. For this reason, mine spoil is overlapped with re-
mediated layer that consists of non-toxic material (non-
saline loess-like loam, clay) in the process of reclama-
tion. The next stage of remediation activity is covering
with fertile topsoil. On the territory of steppe Ukraine,
humic mass of ordinary chernozem or humusless filling
substrates is applied.

The final stage of disturbed soil remediation is a bio-
logical stage. Its varieties are several ways of phytoreme-
diation with the usage of herbaceous, arboreal and
shrubby plantings [5], aimed to development of envi-
ronmentally sustainable landscapes. At this stage of re-
mediation, numerous soil-dwelling living organisms
play a significant role in developing the mechanisms of
ecosystems sustainability [6], especially soil mesofauna,
particularly saprotrophic species such as earthworms,
Enchytraeidae, millipedes, and others. As a result of
their tropho-metabolic activities, these invertebrates
make a significant environmental contribution to trans-
formation of soil properties. They are called “ecosystem
engineers”, meaning living organisms that can influence
habitats and communities of soil biota by their vital ac-
tivity, and can cause ecosystem successions. It was prov-
en enhancing efficiency of remediated soil recovery by
enrichment of them with organic matter, and improving
total soil [7—9].

Under modern conditions, there is a tendency to
evaluate the reclamation effectiveness on the principle
to maximize effect and to minimize costs considering
interrelations between all elements within the ecosys-
tem.

Unsolved aspects of the problem. Among the biota,
soil mesofauna plays an important role in establishing
the mechanisms for sustainability of agricultural sys-
tems; that is particularly true of saprotrophic complex
such as Lumbricidae, Diplopoda species, and others.
These animals due to their tropho-metabolic activities
make a significant environmental contribution to trans-
formation of soil properties, acting as soil-protective
biological factors of organic farming. Possibility of soil
invertebrates’ existence in soil is very closely associated
with environmental characteristics (soil moisture, salin-
ity, texture, presence of litter, and others) [9]. Soil ani-
mals affect pedogenesis, fertility and structuring of soil,
regulation of water regime and climate, nutrient cycle,
but, despite the high ecological importance, environ-
mental conditions for the habitat of invertebrates in the
soil are hardly taken into account, especially within
mining areas.

Objectives of the article. General scope of the present
work was evaluation of quality of reclaimed lands of Or-
dzhonikidze Ore Mining and Processing Integrated
Plant (OJSC), Nikopol Raion of Dnipropetrovsk
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Oblast, on the possibility of their economic use and
suitability for the existence of soil biota, as well as pro-
viding recommendations for further rational economic
use. The subject of presented research was to assess the
quality of soil reclamation with the aim to identify con-
ditions for the existence representatives of zoocenotic
block of ecosystem. Physical-chemical properties of re-
claimed soil within remediated lands of the Oleksan-
drivskyi open quarry, OJSC made the object of the re-
search (thickness of humic filling layer, humus content
in the humic layer, content of physical clay in layer of
parent rock and in humic layer, average density of layer
1 meter in thickness, salinity of topsoil and of underly-
ing rocks (rate), composition and the properties of the
underlying rocks).

Materials and Methods. The surveyed area of the
Oleksandrivskyi open quarry makes about 10.0 ha. Min-
ing plans of scale 1 : 5.000 were used as cartographic ba-
sis for the field survey. Each plot was divided into squares
where pits and wells were staked angularly. There were
staked 2 pits and wells; 30 samples were collected (10 in
triplicate). Agrochemical analyses of soil and rock sam-
ples performed in the laboratory of SE “Dnipropetrovsk
Scientific-Research and design institute of Land Man-
agement” (GOST 17.5.1.02-86. Nature Conserva-
tion...).

Brief characteristics of engineering stage of recultiva-
tion. Mining-engineering planning of the surveyed plots
was carried out by PJSC “OJSC” and included the fol-
lowing stages:

1. The removal of a fertile layer of soil (topsoil) by
bulk way, followed by storage in open heaps.

2. Reshaping and leveling of the heaps stored within
a mined-out quarry space by gross way.

3. Ageing of aligned surface up to 3 years with the
purpose of rock subsidence.

4. Repair of the surface affected by subsidence.

5. Covering with topsoil.

6. Ploughing of reclaimed lands.

Climate and conditions of soil moisture. District of
Nikopol manganese ore basin refers to arid as for its wa-
ter availability. Hydrothermal coefficient of the territory
is 0.8—0.9. The average annual rainfall is 401 mm. Ten-
day mean rainfall is 7—20 mm, while the maximum is
observed in June-July (17—20 mm). Average annual
temperature is +8.8 °C. Duration of effective tempera-
tures is above +5 °C is 214 days; accumulated tempera-
tures are 3487°. Duration of temperatures over +10 °C is
178 days; accumulated temperatures are 3216 °C. Tem-
perature regimen is characterized by wide temperature
gradients, which leads to intense rock weathering of re-
claimed lands and the release of mineral nutrients. Con-
tinued rainless periods with relative humidity up to 30 %
and strong dry winds determine unfavorable climatic ef-
fects. Moisture of remediated soil occurs only through
rainfalls. The surveyed area of the Oleksandrivskyi open
quarry reclaimed lands located within territory of the
Pokrovska Rural Soviet; it covers an area of 10.0 hect-
ares and is intended for use in arable farming. The terri-
tory belongs to the Apostolivskyi natural-agricultural
district, province of the desert steppe on the Dnipro
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right bank. The surface slope of the surveyed area does
not exceed 1°. Microdepressions and other kinds of sur-
face deformations from subsidence have not been ob-
served. The surveyed area of reclamation is represented
by one whole plot.

Characteristics of evaluation units. Soil bonitet is a
comparative evaluation of soil fertility, which deter-
mines the rate of soil suitability for crop cultivation. Soil
suitability group was adopted as an evaluation soil unit
in assessment of native soil. Regarding reclaimed soils,
it is not possible to allocate such evaluation groups and
to compile a uniform list, since the parameters of actual
remediation do not always correspond to the design pa-
rameters. According to design data, remediated lands
should be covered with humic layer 50 cm thick; as sub-
soil should be used nonsaline loesslike loam to a depth
of 150 cm.

Data collection on properties of reclaimed lands is
carried out per plots of completed reclamation. These
data were obtained from the materials of soil agrochem-
ical studies. The texture of remediated soil of the Olek-
sandrivskyi open quarry was described as a mixture of
bulk humic layer and underlying rocks. Soil investiga-
tion was carried out by a series of soil profiles. Collection
and processing of data were carried out on the following
parameters: 1) thickness of the humic layer, cm; 2) hu-
mus content in the humic layer, %; 3) content of physi-
cal clay in the humic layer and underlying rock, %;
4) particle-size distribution in the bulk layer 1 meter
thick; 5) salinity of the topsoil and subsoil (rate);
6) composition and properties of the underlying rocks.

Humus content was determined according to DSTU
4289:2004 “Soil Quality. Methods for Determining Soil
Organic Matter”. Analysis of the water soil extract was
carried out according to GOST 26425-85 “Soil. Meth-
ods for determination of chloride ion in water extract”,
GOST 26426-85 “Soils. Methods for determination of
sulphate ion in water extract”, GOST 26427-85 “Soils.
Method for determination of sodium and potassium in
water extract”, GOST 26428-85 “Soil. Methods for de-
termination of calcium and magnesium in water ex-
tract”. Particle-size distribution of the bulk soil layer
was determined according to GOST 12536-79 “Soils.
Laboratory determination of particle-size distribution™.

With the purpose of bonitation, a numerical scale of
100 points is applied, and soil quality by bonitet is as-
sessed in points from 81—100 (very fertile) up to 20 and
less (the least fertile). To account for pedogenesis pro-
cesses that significantly affect the yield but are not iden-
tified with the use of quantitative indicators, the correc-
tion coefficients specific for areas are applied. To calcu-
late the bonitet scores of reclaimed lands at the initial
stages of usage, the first three fertility indicators are used
as correction factors. The bonitet scores calculated are
compared with those of reference zonal soil and conclu-
sions are made as for the value of a given soil with the
position of agricultural use, and in economic calcula-
tions of land monetary evaluation.

Presentation of the main research and scientific re-
sults. Characteristics of reclaimed soil. The underlying
rocks. Kinds of rocks that underlie the fertile soil layer
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within the study area are Pleistocene loess deposits (up
to 3 tiers), red-brown Pleiocen clay and man-made mix-
ture of the above rocks. Man-made mixtures from loess
deposits, red-brown clays and grey-green clays predom-
inate in composition of the underlying rocks within the
studied territory. The basis of clay fraction is silt whose
content varies from 28.7 to 45.0 %. The content of easily
soluble salts varies from 0.350 to 0.620 % (dry residue).
Loess rocks are slightly and medium saline. Salinity
types are sulfate and chloride-sulfate.

As a result of soil survey, moderately clayey southern
chernozem and fine-textured low-humic ordinary cher-
nozem soil had previously been placed in site of the
Oleksandrivskyi open quarry. As a reference for bonita-
tion of re-cultivated land used for arable farmland, ordi-
nary chernozem soil, fine-textured, low-humic, shallow
was used in this region. This soil is characterized by the
following main parameters: thickness of humic horizons
(H + Hp) of 54 cm; humus content in the topsoil of
3.5 %; content of physical clay in the topsoil of 54.8 %.
A score of bonitet is 84, considering the environmental
factor that amounted 41. Above data are necessary in as-
sessment of reclaimed lands. The presented soil is well-
enriched with nitrogen and phosphorus, and it contains
the abundance of potassium; the soil has a neutral reac-
tion of soil solution. Carbonates are accumulated at a
depth of 35—45 cm, and with no salinity. Loess and
loesslike loams are subsoil rocks. Thus, fine-textured
low-humic ordinary chernozem soils are the most valu-
able lands of multi-purpose within the surveyed region.
Evaluation of land reclamation effectiveness is an inte-
gral part of soil and agrochemical survey, and it includes
bonitation of recultivated soils.

Topsoil quality. During selective removal of humic
layer on the zonal soil which is further used for reclama-
tion, it is mixed (diluted) with humusless loam, resulting
in depletion of the fertile soil layer in chemical elements
and compounds necessary for plant growth, especially
in available nitrogen; as a result, the soil becomes more
calcareous, and it contains 1.6—2.0 % of humus, that is
by 1.5—2 times less than that in topsoil of native soil. The
filled layer of southern chernozem is presented by a mix-
ture of topsoil with subsoil. It has grayish-brown colour,
sometimes spotted, caused by inclusions of pale yellow
loesslike loam. Humus content in the layer of 0—10 cm
was varied from 2.1 to 2.3 % with the average of 2.2 %.
The humic layer varied in thickness from 56 to 67 cm.
Average depth of filled topsoil was 62 cm. Salinization
with water-soluble salts above the toxicity threshold in
topsoil of the studied soil was not identified. The soil is
compacted below the plow pan. Calcium carbonates are
observed throughout the soil profile.

Underlying rocks. Underlying rocks do not differ by
diversity and are represented by a man-made mixture of
loesslike loam and red-brown clays. Underlying rocks of
the Oleksandrivskyi open quarry (according to chemical
analyses data) contain water-soluble salts above toxicity
threshold at a depth of 30—100 cm. The underlying
rocks are slightly and middle-salinized at sulfate type.

Determination of the underlying rocks effect on the
productivity of reclaimed lands. L.ong-term studies of re-
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claimed lands within the OJSC, Ordzhonikidze, con-
ducted by Dnipropetrovsk Agricultural Institute, re-
vealed the negative impact of saline rocks on the re-
claimed lands productivity. As for the Oleksandrivskyi
open quarry, the influence coefficient was equal to 0.76.

Mechanical composition of soil. Analyzing the data
represented, the following should be noted:

1. Mechanical composition of the filled humic layer
(soil layer 0—30 cm deep) of the surveyed area was mid-
dle-loamy. Mechanical composition of the layer 30—
100 cm in depth was fine-textured. On average, content
of physical clay in the career in the layer of 0—30 cm was
42.9 %; in the layer of 30—100 cm it was 46.3 %; in the
layer of 0—100 cm it was 45.3 % (Table 1).

Salinity of reclaimed soil. Analysis of water extracts of
recultivated soils of the Oleksandrivskyi open quarry re-
vealed the presence of water-soluble salts above the toxic-
ity threshold in the underlying rocks.According to the type
of salinity, the reclaimed soil is weakly-salinized solon-
chak-like soil on the area of 6.1 ha (salinized at depth 30—
80 cm) and middle-salinized solonchak-like soil on the
area of 3.9 ha. Salinity type is sulphatic (Table 2).

Assessment of remediated soil. Bonitation of reclaimed
lands on the agri-environmental basis is implemented
with the use of soil-ecological indexes. This approach
provides an opportunity to consider practically the en-
tire complex of abiotic and biotic factors in the system of
man-made edaphotop. According to N. Bekarevich, the
performance of remediated edaphotops is determined
by several factors such as the content of humus and nu-
trients, thickness of humic layer, the physical properties
of underlying rock in 1 m layer, content of water-soluble
salts and carbonates, and others. Studies have estab-
lished that the productivity of reclaimed soil in the pro-
cess of its usage does not reach performance level of the
native soil. To determine score of bonitet of remediated
soil the following characteristics of its properties were
used (average on the plot, Table 3).

As a result of remediation conducted, artificial soil
was obtained characterized by the following main pa-
rameters: depth of humus horizons (H + HP) 62 cm;
humus content in the topsoil 2.2 %; content of physical
clay in the topsoil 45.3 %. A score of bonitet was 62,
considering the environmental factor 30, while a score
of native soil bonitet amounted 41 (Table 4).

Thus, the investigation has demonstrated that recla-
mation works on the territory of OJSC mining (on the
example of the Oleksandrivskyi open quarry) were car-
ried out at the proper level. As a result of mining opera-
tions, topsoil of recultivated soil is depleted in chemical
elements which are necessary for plant growth; as a re-
sult, the soil becomes more calcareous, and contains
humus by 1.5—2 times less than that in topsoil of undis-
turbed soil. Topsoil thickness is on average 62 cm. Hu-
mus content in the filled layer on average is 2.2 %. Me-
chanical composition of the arable layer is middle loamy.
The soil is compacted below the plow pan. Mechanical
composition of the underlying rock is fine-textured. Sa-
linization with water-soluble salts above the toxicity
threshold in topsoil of the studied soil has not been
identified. Analysis of water extracts of underlying rocks
revealed the presence of water-soluble compounds
above the toxicity threshold. According to the type of
salinity, reclaimed soil is weakly-salinized, solonchak-
like soil on the area of 6.1 ha and middle-salinized so-
lonchak-like soil on the area of 3.9 ha. Salinity type is
sulfate. Calcium carbonates are observed throughout
the soil profile.

Summary. Thus, as a result of technical stage of rec-
lamation artificial reclaimed soil was made with features
similar to those of native zonal soil located in this area
prior to mining operations, and, although it has slightly
lower fertility and greater salinity of the lower horizons,
it can be used successfully in agricultural purposes. Cor-
rection coeflicients for underlying and salinity do not
significantly change the results of the soil evaluation,

Table 1
Mechanical composition analysis of the reclaimed soils in the Oleksandrivskyi open quarry, OJSC
Mechanical composition, % of particle with diameter, mm
E % Index of Sa_mple Hygroscopic | Humus w = 8 é
z % horizons collectlccgll depth, water, % content, % more S ;I ‘é ? less than | less than
2 than0.25| |4 | 1| 0001 0.01
(e} (== (==} S
1 H+Hp+Ph 0-10 3.6 2.1 0.7 26 [53.8| 82 |83 26.4 42.9
H + Hp + Ph 20-30 3.5 1.8 - - — — - - -
H+Hp + Ph 40-50 3.5 1.5 0.3 32 |52.6| 7.0 | 8.1 28.8 43.9
H+Hp+Ph 58-67 4.0 1.0 — — — — — — —
Pk 90-100 3.5 - 33 186 1294 | 7.7 | 7.1 33.9 48.7
2 H+Hp+Ph 0-10 3.8 2.3 0.4 0 |53.1]11.679 27.0 46.5
H+Hp+Ph 20-30 3.8 2.3 - - - - - - -
H+Hp+Ph 40-50 3.8 1.5 4.9 123 | 38.1 | 6.0 | 7.2 31.5 44.7
H+Hp+Ph 48-56 4.3 1.3 — — — — — — —
Pk 90-100 4.2 - 6.6 222 1255| 40 | 7.6 34.1 45.7
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Table 2
Analysis of water-soluble compounds of the reclaimed soils in the Oleksandrivskyi open quarry, OJSC
= o ) ;
3o Sample Water extraction, % mg-eq per 100 g of soil
5% | Indexof collection | 4, id H of wat
> ; ry residue, _ _ _ _ . . | pH of water
S & horizons depth, om % CO¥ | HCO; | CI | SOF | Ca* | Mg* | Na it
1 H+Hp +Ph 0-10 0.106 — 0.83 0.29 0.40 0.73 0.73 0.06 6.78
H+Hp+Ph 20-30 0.078 — 0.56 0.15 0.54 0.73 0 0.52 6.56
H+ Hp + Ph 40-50 0.106 — 0.74 0.29 0.50 0.62 0.82 0.09 7.02
H+ Hp + Ph 58-67 0.404 — 0.56 0.73 4.75 2.50 2.08 1.46 7.16
Pk 90-100 0.387 — 0.56 0.80 431 2.06 3.09 0.52 7.98
2 H+Hp+Ph 0-10 0.087 — 0.62 0.11 0.40 0.62 0.21 0.30 6.82
H+Hp +Ph 20-30 0.104 — 0.74 0.32 0.50 0.73 0.83 0 7.12
H+Hp+Ph 40-50 0.281 — 0.60 0.55 3.21 1.98 1.14 1.24 7.54
H+Hp+Ph 48-56 0.526 — 0.56 0.94 6.20 2.29 2.18 3.23 7.56
Pk 90-100 0.620 - 0.50 0.89 7.77 2.60 2.60 3.96 8.12
Table 3 tions favourable to the existence of soil invertebrates. It
Characteristics of reclaimed soil is possible to predict that after the biological step of re-
mediation, which is the sowing of the remediated soils
Parameter with ecologically tolerant perennial grasses, environ-
Parameter value mental properties of the soil will further improve and
- aver thick o conditions optimal for the existence of invertebrate ani-
umus 7ayer thickness, cm mal communities will develop similar to those of native
Humus content in the layer of 0—10 cm, % 2.2 zonal soil; it will lead to further soil naturalization, in-
Content of physical clay in the layer of 0— 453 creasing its environmental sustainability and producti-
100 cm, % vity.
Correction factors for: Recommendations for improvement of reclaimed
- : soil. Before agricultural use of reclaimed lands, it is es-
- underlying rocks 0.90 sential to repair reclaimed lands (if necessary) and bio-
- salinization 0.76 logical reclamation (required). At the biological stage,

which indicates similarity of its main physical and
chemical characteristics to the native zonal chernozem.
The results of experiments show that in the future artifi-
cial reclaimed soil in the territory of the Oleksandrivskyi
open quarry (OJSC) will form environmental condi-

agro-physical (structure, porosity, air conditions, water
permeability), agrochemical (enrichment in humus and
nutrients), and chemical (removal from easily soluble
salts) soil properties are improved. This is achieved
through cultivation of salt-resistant perennial grasses for
3—5 years. For this, grass mixtures are recommended
with the following seeding rate, in kg per 1 ha:

Table 4

Calculations of bonitet points on the properties of recultivated soils of the Oleksandrivskyi open quarry, OJSC

Properties of soil and its assessment, in scores "
15} .
depth humus g | Correction Final score
of humic content in Iclozlitce;tccl)i % factors for
horizons the topsoil phy o g
Name of soil 5 5 51|73
< < < @ of .
5 o | Bl o8l 8| o] 5| £ e without _with
S Bl E|l=|8|E| = 2| g = = . environmental
s| @ | 2| =8| o7 E el 7| e 5 £ | environmental .
sl 2|zlE|2|le|l e |2|2l8| 2|3 coefficient coefficient of
Q g ] % < g 195 g 0.49
(] o [P]
Ordinary chernozem, 541 — | — |35 —|—|548| — | —| — — 84 41
fine-textured, low-humic,
shallow
Reclaimed soils (average 62 | 114 {9522 |63 (47 (453 |94 [53]91]0.90]0.76 62 30
on site)
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1. Yellow alfalfa (Medicago falcata L.) — 6—8 + Awn-
less bromegrass (Bromus inermis L.) — 10—12 + Couch
grass (Elytrigia repens L.) — 8—10.

2. Awnless bromegrass (Bromus inermis L.) — 25 +
+ Alfalfa blue-hybrid (Medicago varia Mart.) — 18.

3. Technologies of work on the biological reclama-
tion should be developed in a separate work project.
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H. B. Bopowiunosa®
1 — HaykoBo-nociigHuii iHcTuTyT Giosiorii JIHinmpoBCbKOro
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Merta. OiiHKa $KOCTi PEKYJIbTUBOBAHUX 3EMENb
OpIKOHIKiN3eBCHKOTO MipHUY0-30araqyyBalbHOrO KOM-
O6iHaty Ha npukiaai OJeKcaHAPIiBCHKOrO Kap’epy Ha
MOXJIMBICTb 1X TOCIIOIaPChKOTO BUKOPUCTAHHS Ta MPU-
JIATHOCTI JIST iCHYBaHHSI I'PYHTOBOI 0iOTH, a TaKOX Ha-
JIAaHHSI PEKOMEHAL 1100 IMOAAJIBIIOr0 palioHalb-
HOTO roCIoAapCbKOro BUKOPUCTAHHSI.

Mertomuka. OLIiHKY SIKOCTi peKyJbTUBALlii TTPOBO-
JIWIN IUISIXOM TOPiBHSIHHSI OOHITETY peKyJabTHBOBa-
HUX TPYHTIB i3 OOHITETOM 30HAJILHUX IPYHTIB. 30ip i
00pOOKY JaHUX MPOBEACHO 3a MOKA3HUKAMU TOTYXK-
HOCTi HACUITHOTO LIapy, BMIiCTy TYMyCY B HaCUITHOMY
mapi, BMiCTy (hi3WYHOI INITMHUA B HACUITHOMY IIapi Ta B
MiacTuiaalouiii moponi, rpaHyJOMETPUUYHOIO CKIaay
HACHUITHOTO IIAapy METPOBOI TOBIIWHU, CTYIICHS 3aCO-
JICHHSI HACHITHOTO POMIOYOTO IMapy W ITiICTHIAIOUNX
Topin (CTYIiHB), CKJIaAy Ta BIACTUBOCTI MiICTIIIAI0INX
nopiz.

Pesyabratu. [ociigxeHHs MU OyJIO BCTAHOBJIEHO,
110 B pe3y/JbTaTi BUKOHAHHS TEXHIYHOTO eTamy pe-
KyJbTUBAllii OyJI0 Oiep>KaHO PEKYJIbTUBOBAHUIA IPYHT,
SIKW 32 XapaKTEPUCTUKAMU € CXOXKUM i3 IPUPOTHUMU
30HAJIbHUMU IPYHTAMU, PO3TAIIOBAHUMMU paHille Ha
LIl OTSIHII 10 TPOBENEeHHs TipHUYUX poOiT, i, Xoua
BiH Ma€ MEHIIIY POAIOYICTb i OUIBIILY 3aCOTIEHICTh HUX-
HiX TOPU3O0HTIB, HOr0 MOXHa BUKOPUCTOBYBATU [JIsI
rOCIOAapChKUX LIJIei micas mpoBeAeHHS 6i0J0riuHO-
ro eTamy peKyJIbTHBAllil, 1110 TIOJISITA€ Y BUPOILIYBaHHI
COJIETPUBKUX O0ATaTOPIYHUX TPaB MPOTATOM 3—5 POKIB.
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Meroguka peKyJabTUBALIil 3eMeJib Ha TeMepilllHiiA Jyac
y3arajibHeHa i 1oOpe BUBUYEHA, OMHAK Y OibILIOCTI pe-
KyJIbTUBALIAHUX CXeM eKOJIOTIUHOrO BigHOBJICHHS
TEXHOTEHHUX TePUTOPili He BpaxoBaHa MTOBHOTA HATY-
panizalii Ta pyHKLiOHYBaHHS PeKYJIbTHUBOBAHUX €KO-
CUCTEM, OCKIJIbKM OUIBIIICTh PEKYJbTUBALIIITHUX 3aX0-
NliB 30CepeIKEeHO JIMIIe Ha CTaHi POCIMHHOCTI i Ha-
3eMHOI MakpodayHHU.

HaykoBa HoBu3Ha. [Tonsirae B ToMy, 1110 TP OLLHIL
SIKOCTI PEKYJIbTUBALlil 3aMpPONOHOBAHO BPaxOBYBaTHU
€KOJIOTiUHi YMOBM [IJIsl iCHYBaHHSI TPYHTOBUX Oe3Xxpe-
OETHUX, 1O BilirpatoTh BaXJIMBY POJIb Y CTBOPEHHI Me-
XaHi3MiB cTiliKocTi arpocucteM. Lli TBaprHU BHOCSTH
3HAYHUU €KOJIOTIYHNI BHECOK Y MePEeTBOPEHHS IPyH-
TOBMX BJIACTMBOCTEH, BHUCTYIIAIOUM SIK I'PYHTO3aXMC-
HUi1 GioJIoriyHMI (paKTOp OpraHivHOro 3eMJIepOOCTBA.

IIpakTuuna 3HaunMicTh. BikoHaHa HaykoBa poboTa
€ CKJIaJ0BOIO YaCTUHOIO PillleHHs iHTeTrpajbHOI cyJac-
HOI €KOJIOTIYHOI 3a/1a4i 111010 3a0e3MeYeHHS JTIOIUHU
CYKYIHICTIO MaTepiaJbHUX i HemaTepialbHUX Oyar —
MPUPOJHUMU PECYPCAMU Ta 3MOPOBUM ITOBKIIISIM.

KmouoBi cioBa: pexyrvmusauis 3emenv, 60Himyean-
HSl TPYHmMI8, 8UOOOYBHA NPOMUCAOBICMb, €KOCUCMEMHA
OUIHKA, CNYCMeN8anH s
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Ieas. OnieHKa KayecTBa PeKyJIbTUBUPOBAHHBIX 3€-
Mesib OpIKOHUKHMI3EBCKOTO TOPHO-000TraTUTEIbHOTO
KoMOMHaTa Ha TpuMmepe AJIeKCaHIPOBCKOTO Kapbepa
OTHOCHUTEJIbHO BO3MOXKHOCTHU UX XO3IHACTBEHHOTO MC-
MOJIb30BaHUS U IPUTOAHOCTH JJISI CYLIECTBOBAHMSI 11O~
YBEHHOI OMOTHBI, a TaKKe MpenoCTaBIeHUE PEKOMEH-
AU TI0 TAJIbHEUIIEMY PAlIMOHAJIBHOMY XO3SIICTBEH-
HOMY UCITOJIb30BaHUIO.

Metomuka. OLIeHKY KauyeCcTBa peKyJIbTUBAIINH IIPO-
BOIWIU TIYTEM CpaBHEHHSI OOHHUTETa PEKYJIbTUBUPO-
BaHHBIX ITOYB ¢ OOHUTETOM 30HAJBHBIX TTOYB. COOp U
00pabOTKY JaHHBIX IPOBOAMIM MO TTOKA3aTeJIsIM MOIII-
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HOCTHM HACBIITHOTO CJIOSI, COACpPXKaHUS TymMyca B Ha-
CBHITTHOM CJI0€, comepkKaHMsI (pU3NIECKOI TIMHBI B Ha-
CBHIITHOM CJIO€ U B TIOICTIJIAOIIIEH ITOpoIe, TPaHyIOMe-
TPUUYECKOTO COCTaBa HACHIITHOTO CJIOSI METPOBOI TOJI-
IIWHBI, CTETIEHU 3aCOJICHMST HACHIITHOTO TIJIOIOPOIHO-
'O CJI0SI M MOJACTUJIAIONINX ITOPOJ (CTENeHb), CocTaBa 1
CBOMCTB MOACTUJIAIOIIUX ITOPO/I.

PesynbTatel. VccieqoBaHusIMU ObLIO YCTaHOBJIE-
HO, 4TO B pe3yJIbTaTe BBIITOJTHEHUSI TEXHUYECKOTO 3Ta-
Ma peKyJbTUBAIIMU ObLIa TOJyYeHa pPEeKYIbTUBUPO-
BaHHas TOYBa, IO XapaKTepUCTUKAM aHaJIOTUYHast
MIPUPOIHBIM 30HAIBHEIM TTOYBaM, paHee PacIiOIOKeH-
HBIM Ha 3TOM YYacTKe [0 IIPOBEICHNUS TOPHBIX padoOT,
1, XOTSI OHa 00J1agaeT MEHBIIIMM TUIOTOPOIMEM 1 boJee
BBICOKOI 3aCOJICHHOCTHIO HUKHUX TOPU30HTOB, TaKYIO
IOYBY MOKHO MCIIOJIb30BaTh MJISI XO3SIMCTBEHHBIX 1Ie-
JIel mocyie MpoBedeHUsT OMOJOTMYECKOro 3Tama pe-
KYJbTUBALIMM, KOTOPBIA 3aKJII04YaeTcsl B BbIpallliBa-
HUHU COJIECTOMKHX MHOTOJIETHUX TpaB B TeueHUe 3—
5 net. MeTtonyka peKyJIbTUBAIIMU 3eMeJIb B HACTOSIIIIEE
BpeMs TOCTATOYHO XOPOIIIO M3y4YeHa, OJHAKO B OOJIb-
ITMHCTBE PEeKYIbTUBAIIMOHHBIX CXEM 9KOJIOTMYECKOTO
BOCCTaHOBJICHUSI TEXHOTEHHBIX TEPPUTOPUI HE yUTeHA
IMOJTHOTA HATypaau3alny M (QYHKIIMOHUPOBAHUS pe-
KYJIbTUBUPOBAHHBIX 3KOCHUCTEM, ITOCKOJIBKY OOJIb-
IITHCTBO PEKYIbTUBAIIMOHHBIX MEPOIIPUSITHI cOCpe-
MIOTOYCHBI TOJBKO HA COCTOSTHUM PACTUTEIBHOCTU W
Ha3eMHOI MakpodayHBbI.

Hayynas HoBM3HA. 3aKiiodyaeTcsl B TOM, UTO IIPU
OLICHKE Ka4yecTBa PEeKY/IbTUBALIMM TIPEIIOXKEHO YIUThI-
BaTb KOJOTMYECKUE YCIIOBUS JUISL CYLLECTBOBAHUS IO-
YBEHHBIX OECIIO3BOHOYHBIX, KOTOPHIE UIPAIOT BaXKHYIO
pOJIb B CO3MAHWM MEXaHU3MOB YCTOMYMBOCTH arpocu-
cTeM. DTH KUBOTHBIE BHOCSIT 3HAYMTEJILHBIIN 9KOJIOTHYe-
CKWi1 BKJIaJl B IPe0Opa30BaHKe TOUYBEHHBIX CBOMCTB, BbI-
CTymasl B KayeCTBE IMOYBO3AIIMTHOIO OMOJIOTUIECKOTO
(akTopa OPraHNICCKOTO 3eMITCICIIHSL.

IIpakTHYecKass 3HAYMMOCTb. BBIMOTHEHHAsT Hayd-
Has paboTa SIBJISIETCS] COCTABHOM YaCThIO PEIIICHMS MH-
TErpajJbHOM COBPEMEHHOM 3KOJIOTMYECKOM 3adauyu I10
00eCIIeYeHMIO YeIOoBeKa COBOKYITHOCTBIO MaTepHalb-
HBIX 1 HeMaTepUaJIbHbIX OJar — MPUPOIHBIMU PECyp-
caMU U 310pOBOU OKpYKaroller Cpeaoi.

KimoueBbie clioBa: pexyibmusayus 3emens, O0HUMU-
POBKU Noug, 000bi8aOwAs NPOMBIUAEHHOCHb, 9KOCU-
CMeMHAs OUYeHKa, ONYCMbIHUGAHUE
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